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ABSTRACT:  A  method  of  extruding  aluminum  alloy  through  a  water-cooled  die 
has-been  developed  and  introduced  in  industry.  Production-scale  tests 
were  carried  out  in  a  i500-ton  press  equipped  with  a  water-cooled  die 
through  which  Di6  and  AMg6  aluminum-alloy  tubes,  33-53  mm  in  outside 
diameter  with  a  wall  thickness  of  3-10  mm,  were  extruded  from  156  mm  x 
64  mm  x  340  mm  ingots.  It  was  established  that  the  use  of  a  water- 
cooled  die  made  it  possible  to  Increase  the  extrusion  rate  from  2.56-3.3 
m/min  to  3.6-5. 0  m/min  without  a  significant  increase  of  extrusion  force. 
Wie  water  flow  should  not  start  until  0.5-1. 2  mm  of  the  tube  has  cleared 
the  die,  and  then  the  water  should  be  fed  in  cycles.  The  cooling  has  no 
negative  effect  on  structure,  mechanical  properties  and  corrosion  re¬ 
sistance  of  either  extruded  or  extruded  and  cold-rolled  tubes.  The 
surface  quality  of  tubes  extruded  through  the  water-cooled  die  is  some¬ 
what  better  than  that  of  conventionally  extruded  tubes  because  the  metal 
does  not  stick  to  the  die.,v0rig.  art.  has:  6  figures  and  1  table. 
English  translation:  13  pages. 
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EXTRUSION  OF  ALUMINUM  ALLOYS  THROUGH  A  WATER-COOLED  DIE 

A. I.  Baturin 

In  the  extrusion  of  hard-to-work  aluminum  alloys  (Dl6,  AMg6,  and 
others),  the  fraction  of  machine  time  in  the  over-all  cycle  is  large  . 
(up  to  60-90 %)  as  a  result  of  the  limited  outflow  speeds,  and  raising 
these  speeds  will  contribute  to  increasing  the  productivity  of  existing 
presses . 

The  present  paper  sets  forth  the  results  of  studies  and  industrial 
implementation  of  a  method  of  extruding  aluminum-alloy  articles  through 
a  water-cooled  die. 

Aluminum  alloys  may  be  classified  as  soft  and  hard.  While  the  soft 
alloys  (ADI,  AMts,  etc.)  are  distinguished  by  high  plasticity  and  low 
resistance  to  deformation  and  extrude  at  high  outflow  speeds  in  a  broad 
temperature  range,  the  hard  and  high-strength  aluminum  alloys  (Dl,  Dl6, 
AMg6 ,  AMg5  and  others)  extrude  at  low  outflow  speeds  (limited  to  1-6 
m/min) ,  and  attempts  to  increase  these  speeds  in  the  conventional  tech¬ 
nology  results  in  the  appearance  of  unacceptable  defects  on  the  sur¬ 
faces  of  the  products.  This  sharp  decrease  in  the  plasticity  of  these 
alloys  at  certain  (critical)  temperatures  (^90-500°C)  is  associated 
with  the  presence  of  low-mounting  eutectics.  The  tensile  stresses  that 
arise  during  extrusion  in  the  outer  layers  of  the  product  contribute 
under  these  conditions  to  cracking  at  its  surface  on  emergence  from  the 
sizing  part  of  the  zone  of  deformation. 

Investigations  of  the  temperature-speed  factors  in  extrusion  have 
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shown  that-  practically  all  of  the  work  of  deformation  ( 92— 9^ % )  is  con¬ 
verted  into  heat,  causing  a  sharp  rise  in  the  temperature  of  the  metal 
at  the  focus  of  deformation.  The  energy  expended  cn  elastic  deformation 
of  the  billet  and  structural  changes  in  the  crystal  lattices  of  the  ma¬ 
terial  is  insignificant  and  need  not  be  taken  into  account  in  practice. 

In  addition  to  the  temperature  rise  due  to  the  heat  of  deforma¬ 
tion,  there  is  additional  heating  due  to  generation  of  heat  at  the  rub¬ 
bing  surfaces  between  the  metal  and  the  container  wall,  the  ’’dead 
zone,”  and  in  the  sizing  port  of  the  die. 

The  volume  of  metal  in  the  squeezing  part  of  the  deformation  zone 
is  small  by  comparison  with  the  total  initial  volume  of  the  billet. 

After  extrusion  has  begun,  heat  of  deformation  is  liberated  in  the 
zone  in  front  of  the  die  (Fig.  1).  The  rate  of  heat  liberation  depends 
on  the  extrusion  speed  id  increases  with  it. 


Fig.  1.  Generation  and  dissipation  of  heat  in  extrusion.  1)  Container; 
2)  press  ram;  3)  dummy  block;  t)  cool  die;  5)  die  ring;  6)  extrusion; 
7)  dieholder.  A)  Water;  B)  heat  liberated;  C)  heat  flow  to  billet;  D) 
heat  flow  from  billet. 


Part  of  the  heat  generated  is  carried  away  with  the  extrusion  and 
•conducted  off  by  the  tool  (container,  mandrel,  press  ram,  dieholder).  A 
large  part  of  it  propagates  through  the  unextruded  volume  of  the  ingot. 
Here  the  temperature  rises  in  each  successive  layer  of  the  ingot  as  we 
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move  toward  the  beginning  of  the  squeezing  segment  of  f-he  deformation 
zone.  In  hard-to-work  aluminum  alloys,  the  increase  in  temperature  in 
the  deformation  zone  and  attainment  of  a  certain  ‘'critical  temperature” 
contribute  to  transition  of  the  metal  into  the  region  of  the  brittle 
state;  then  the  appearance  of  even  small  tensile  stresses  on  the  sur¬ 
face  of  the  extrusion  as  the  latter  leaves  the  squeezing  part  of  the 
deformation  zone  results  in  gouging  and  cracking. 

In  attempting  to  determine  the  causes  of  cracking  on  the  outer 
surface,  many  investigators  have  considered  basically  only  the  average 
temperature  of  the  extruded  metal  over  the  volume  of  the  plastic  zone, 
without  taking  into  consideration  the  role  of  local  contact-friction 
heating  at  the  lateral  boundaries  of  the  plastic  zone  and  in  tne  port 
of  the  die. 

Displacement  of  metal  relative  to  the  tool  surfaces  and  tne  "dead 
zone"  Involves  the  expenditure  of  considerable  work  and  is  accompanied 
by  evolution  of  a  large  amount  of  heat  in  a  sma-Ll  boundary  volume  of 
the  metal;  then  the  local  temperature  in  this  region  rises  and,  as  a 
result,  we  may  have  fusion  of  the  low-melting  eutectics  at  the  boundary 
of  the  "dead  zone"  and  the  center  of  deformation  at  exit  from  the  lat¬ 
ter  or  a  sharp  decrease  in  the  plasticity  of  the  extrusion's  outer  lay¬ 
ers.  This  problem  has  not  been  studied  adequately  and  additional  stud¬ 
ies  are  required  in  connection  with  more  precise  definition  of  the  time 
at  which  phase  transformations  arise  for  the  various  alloys  and  defor¬ 
mation  conditions,  their  influence  on  cracking  in  extrusion,  and  the 
establishment  of  qualitative  laws  describing  the  variation  of  tempera¬ 
ture  through  the  volume  of  the  plastic  zone. 

The  "critical  temperature"  is  different  for  different  alloys,  and 
depends  to  a  major  degree  on  the  extrusion  conditions  (extrusion  speed, 
draw,  etc.). 
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The  critical  extrusion  speed  corresponding  to  it.  ?.e..  the  high- 
est  speed  at  which  breakage  of  the  extrusion  does  not  occur,  cannot  al'w 
ways  be  used  under  industrial  conditions.  For  example,  the  outflow 
speed  in  the  extrusion  of  pipes  is  limited  not  by  cracking,  but  by  the 
quality  of  the  inside  surface,  by  the  presence  and  size  of  so-called 
overstraining  cracks. 

Limiting  the  temperature  rise  in  the  squeezing  section  of  the  de¬ 
formation  zor j  and  holding  it  at  a  certain  level  makes  it  possible  to 
increase  the  average  speed  of  outflow  over  the  extrusion  cycle. 

Tenqperature  can  be  regulated  by  two  methods: 

1.  By  lowering  the  extrusion  speed  and  thus  lowering  the  intensity 
of  heat  generation  and  the  temperature  rise  as  the  press  ram  moves 
through  its  working  stroke  and  the  metal  accordingly  heats  up  in  the 
deformation  zone. 

2.  By  removing  the  excess  heat  generated  through  the  tool,  using  a 
coolant  (for  example,  by  flushing  the  die  with  cold  water). 

Obviously,  cooling  the  die  will  be  more  effective  than  lowering 
the  extrusion  speed  during  the  cycle. 

In  the  first  method,  the  process  is  brought  down  from  the  maximum 
(critical)  extrusion  speed  from  the  initial  moment  of  extrusion  on. 

For  hard-to-work  aluminum  alloys,  the  critical  speed  is  already 
low  for  the  process  parameters  commonly  encountered  in  hot  extrusion, 
so  that  the  margin  available  for  increasing  productivity  in  this  extru¬ 
sion  method  is  insignificant. 

In  the  second  method,  i.e.,  with  cooling  of  the  die  (withdrawal  of 
heat  from  the  squeezing  segment  of  the  deformation  zone),  it  is  possi¬ 
ble  not  only  to  retain  the  maximum  speed,  which  corresponds  to  the 
critical  temperature,  over  the  entire  cycle  time,  but  also  to  increase 
this  speed  during  the  extrusion  process  by  intensifying  cooling  during 


the  center  of  deformation. 

The  manner  in  which  the  parameters  vary  during  the  steady  phase  of 
the  extrusion  process  is  indicated  in  Fig.  2  for  the  first  and  second 
cases , 


Fig.  2.  Manner  of  parameter  variation  during  steady  phase  of  extrusion 

process.  _  extrusion  with  speed  lowered  during  process;  -  -  -  - 

extrusion  with  variable  cooling  intensity  at  center  of  deformation.  1) 
Extrusion  stroke. 

In  the  former  case,  the  metal  temperature  at  emergence  from  the 
center  of  deformation  is  held  constant  by  lowering  the  speed  of  the 
press  punch  by  throttling  the  flow  of  hydraulic  fluid  into  the  working 
cylinder  of  the  press  (here  we  envisage  an  accumulator-type  drive).  At 
constant  metal  temperature  ,  the  rate  of  extrusion  y^  and  the  pres¬ 
sure  diminish  as  the  process  advances. 

Thus,  we  are  not  making  full  use  of  press  capacity.  The  second  ap¬ 
proach  embodies  the  concept  of  intervening  actively  in  the  process  by 
cooling  the  squeezing  section  of  the  deformation  center  in  accordance 
with  the  amount  of  heat  being  generated,  and,  if  we  may  disregard  pos¬ 
sible  structure  and  property  changes  in  the  extrusion,  we  may  expect 
outflow  speeds  considerably  in  excess  of  those  obtained  in  the  conven¬ 
tional  hot -extrusion  technology. 

If  the  constant  metal  temperature  is  provided  in  this  case,  the 
extrusion  speed  y2  rises  and  the  time  of  the  extrusion  cycle  is  short- 


ened  accordingly.  The  idea  of  a  water-cooled  die  is  nothing  new.  It  ap¬ 
peared  as  long  ago  as  1868  in  Kruk’s  [sic]  Patent  No.  5^121  for  a  meth¬ 
od  shaping  solder  with  a  melting  point  of  about  150°C.  However,  forced 
cooling  of  dies  and  mandrels  is  used  relatively  seldom,  and  chiefly  for 
the  purpose  of  increasing  their  strength  or  to  improve  the  surface 
quality  of  the  extrusions . 

Although  the  proposition  set  forth  above  concerning  withdrawal  of 
heat  from  the  center  of  deformation  is  obvious,  neither  the  domestic 
nor  the  foreign  literature  offers  any  information  on  research  studies 
or  practical  use  of  a  process  for  extruding  aluminum  alloys  through  a 
water-cooled  die  in  order  to  raise  the  outflow  speed. 

Realization  of  this  idea  has  encountered  a  number  of  technical 
difficulties,  such  as: 

1)  the  lack  of  optimum-strength  designs  for  dies  weakened  by  chan¬ 
nels  for  passage  of  the  coolant; 

2)  the  difficulty  of  changing  cooled  dies  and  their  high  cost; 

3)  the  complex  task  of  sealing  the  die  assembly  to  prevent  water 
from  getting  into  the  container; 

the  sharp  increase  in  extrusion  pressure  that  occurs  when  wa¬ 
ter-cooled  dies  are  used; 

5)  the  absence  of  data  on  the  quality  of  products  produced  in  ex¬ 
trusion  with  a  water-cooled  tool. 

As  a  result  of  researches  conducted  by  the  author  and  industrial 
trials  of  an  extrusion  process  using  a  water-cooled  die,  ways  1  ave  been 
found  to  the  resolution  of  the  above  difficulties  and  a  consi».  ole 
increase  in  extrusion  speeds  has  been  obtained  in  the  production  of 
pipes  from  certain  aluminum  alloys  with  retention  of  good  quality  of 
the  extrusions. 

The  study  described  here  was  carried  out  under  actual  production 
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conditions  on  a  1500-tcn  horizontal  hydraulic  press  with  an  independent 
three-column  mandrel  system,  a  moving  container  and  transverse  die 
slide  (Fig.  3);  this  made  access  to  the  tool  in  its  working  position 


Fig.  3.  Die  slide  of  press 
with  diehoider  and  tubing  for 
coolant  (container  retracted). 


Fig.  4.  Pilot-production  equipment  (die  unit)  in  assembled  form.  1)  Wa¬ 
ter-cooled  die;  2)  die  ring;  3)  backing  ring;  ^)  diehoider;  5)  thermo¬ 
couple  leads;  6)  gasket;  7)  1.2"  pipe;  8)  pipe  fitting;  9)  press  con¬ 
tainer;  10)  die-slide  housing. 


considerably  easier  (as  compared  with  mouthpiece-type  presses). 

Universal  pilot-production  equipment  (Fig.  *0  was  built  on  the 
basis  of  the  existing  production  tooling  for  the  press,  and  makes  it 
possible  to  extruds  products  either  with  or  without  cooling  through  the 
same  die. 

The  coolable  die  was  made  from  an  ordinary  die  by  turning  an  annu¬ 
lar  channel  into  it,  adding  welded-on  webbs,  and  milling  out  short 


slots  In  the  face.  It  is  lighter  and  slightly  (5-7?)  less  expensive, 
and  the  time  for  changing  comparable  dies  in  the  tooling  setup  de¬ 
scribed  is  practically  the  same. 

Leakage  of  water  into  the  container  is  eliminated  by  the  cyclic 
nature  of  cooling  and  the  high  specific  pressure  created  during  extru¬ 
sion  on  the  planes  of  parting  in  the  setup  which  do  not  permit  penetra¬ 
tion  of  water. 

The  die-cooling  system  is  simple.  A  centrifugal  pump  delivers  tap 
water  at  a  pressure  of  3-3*5  atmospheres.  The  system  is  fitted  with  de¬ 
vices  for  regulating  and  measuring  the  water  flow  rate,  monitoring  the 
pressure,  and  measuring  the  water  temperature  at  entry  and  exit. 

An  extremely  important  characteristic  was  established  during  the 
experimental  studies.  Uninterrupted  cooling  prevents  making  the  next 
extrusion  because  of  inadequate  press  power  due  to  chilling  of  the  tool 
while  the  press  is  being  reloaded  and  the  billet  compacted. 

Limits  for  the  tool-cooling  cycle  were  established  and  apply  con¬ 
sistently  for  the  alloys  studied  and  products  of  all  standard  nomencla¬ 
tures  . 

The  initial  phase  of  extrusion  (compacting)  is  carried  out  without 
cooling  the  tool.  After  the  metal  has  filled  the  entire  cavity  of  the 
cylinder,  outflow  through  the  die  port  begins;  at  this  point,  the  pres¬ 
sure  in  the  main  cylinder  drops  (Pig.  5).  At  this  instant,  the  water- 
supply  system  into  the  cooling  cavity  of  the  die  is  switched  on  (point 
a) .  Beginning  cooling  at  this  point  prevents  chilling  of  layers  of  me¬ 
tal  In  contact  with  the  tool  during  compacting  and  makes  it  possible  to 
lower  the  extrusion  pressure  in  the  Initial  phase  of  the  cycle.  In 
practice,  the  water  is  turned  on  after  0.5-1. 2  m  of  tubing  have  emerged 
from  the  die  pert. 

Depending  on  the  specific  extrusion  conditions,  the  cooling  system 
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is  switched  off  (point  b)  simultaneously  with  the  end  of  extrusion  or 
slightly  earlier,  in  order  to  provide  a  tool  working  temperature  corre 
sponding  to  press  force  at  the  beginning  of  the  next  extrusion. 


Fig.  5.  Force-travel  diagram  (recorded  on  tape  by  SP-1  instrument);  al¬ 
loy  AMg6,  ^9  x  49-mm  pipe.  1)  Extrusion  without  cooling;  2)  extrusion 
with  die  cooled.  A)  Extrusion  pressure;  B)  tons;  C)  fluid  pressure;  D) 

2 

kg/cm  ;  E)  length  of  stroke  corresponding  to  cooling  of  die. 


Fig.  6.  Variation  of  die-port  temperature  during  extrusion  (alloy  AMg6, 
^9  x  ^l-mm  pipe).  Recorded  on  strip  by  EPT-09  potentiometer,  1)  Without 
cooling;  2)  with  cooled  die.  a)  Water  turned  down;  b)  water  turned  off. 
A)  End  of  extrusion;  B)  seconds;  C)  beginning  of  extrusion. 


The  flow  rate  of  water  through  the  cooled  die  is  regulated  by 
trial  and  error  at  the  present  stage  of  refinement.  The  optimum  flow 
rates  established  for  the  setup  described  were  O.l-O.JJ  kg/sec  for  most 
Dl6-alloy  tubes;  0.08-0.5  kg/sec  for  most  AMg6-alloy  tubes. 

Figure  6  shows  on  one  diagram  curves  of  die-port  temperature  vari¬ 
ation  in  extrusion  by  different  methods  (recorded  on  tape  with  EPP-0.9 
potentiometer) . 

Tne  increase  in  temperature  at  the  beginning  of  the  cycle  is 
stopped  by  turning  on  the  water  (point  a),  with  the  result  that  the 
temperature  at  exit  from  the  squeezing  segment  of  the  deformation  zone 


is  lower  during  extrusion  than  is  ordinarily  the  case;  it  is  also  prac¬ 
tically  constant. 

The  continuing  decrease  in  temperature  after  the  water  has  been 
turned  off  (point  b)  and  extrusion  completed  results  from  retraction  of 
the  container  and  cooling  of  the  tool  by  the  surrounding  air.  The  data 
presented  characterize  the  variation  of  temperature  at  constant  cooling 
intensity.  Here  the  amount  of  heat  given  off  to  the  coolant  character¬ 
izes  the  effectiveness  of  intervention  in  the  process  and  is  reckoned 
from  data  on  the  flow  rate  of  the  coolant  per  unit  of  time  as  its  tem¬ 
perature  varies. 

Thus,  in  extrusion  of  *49  *  ^1-mm-pipe  from  AMg6  alloy  in  the  form 
of  a  156  x  64  x  340  mm  ingot,  the  average  flow  rate  of  water  for  cool¬ 
ing  of  the  die  was  0.5  kg/sec  for  2  min  in  each  extrusion. 

The  water  temperature  is  14°C  at  entrance  intc  the  die  and  24° C  at 
exit  from  it.  Here  the  average  heat  takeoff  during  extrusion  is  600 
kcal.  Comparing  this  figure  with  the  amount  of  work  converted  into  heat 
(660  kcal  for  the  same  extrusion  conditions),  we  can  easily  satisfy 
ourselves  of  the  effectiveness  of  cooling  (a  1.4-fold  increase  in  out¬ 
flow  velocities  was  obtained). 

The  experimental  data  and  thermal  calculations  indicate  the  possi¬ 
bility  of  considerable  heat  removal  and  lowering  of  the  metal  tempera¬ 
ture  at  low  liquid  flow  rates.  The  pressure  and  work  of  extrusion  are 
increased  insignificantly  when  cooling  is  provided  (by  5-10%).  The  re¬ 
sults  of  extrusion  are  listed  in  the  table. 

To  complete  the  comparison,  the  table  lists  data  for  various  com¬ 
binations  of  process  parameters  (ingot  and  container  temperatures, 
etc.)  for  pipes  in  several  standardized  sizes  extruded  from  Dl6  and 
AMg6  alloys  of  average  chemical  composition.  Even  at  the  present  stage 
of  improvement  of  the  process,  am  increase  in  the  average  outflow 
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speeds  by  30-50?  is  obtained  in  extrusion  with  co  nstant  cooling  rate  in 
all  cases. 

Results  of  Comparative  Extrusion 
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Notes :  1.  Tubes  of  each  standard  size  were  extruded 
through  the  same  die,  first  without  cooling  and  then 
with  cooling,  from  the  same  delivery  of  alloy. 

2.  In  all  cases,  the  outside  and  inside  sur¬ 
faces  of  the  pipes  showed  improved  quality  in  extru¬ 
sion  with  cooling. 

A)  Alloy; 

B)  Pipe  size  in  mm; 

C)  Ingot  dimensions  in  mm; 

D)  Extrusion  technique; 

E)  Number  of  ingots; 

P)  Temperature  in  °C; 

G)  Ingot; 

H)  Container; 

I)  Outflow  speed  in  m/min; 

J)  Dl6 ; 

K)  Conventional  technology; 

L)  Extrusion  with  cooling; 

M)  AMg6. 


Further  improvement  of  the  process  and  the  use  of  variable  cooling 
rates  for  the  die  will  make  it  possible  to  attain  even  greater  increas¬ 
es  in  outflow  speed. 

To  compare  the  quality  of  pipes  in  the  as-extruded  state  or  after 
extrusion  and  rolling  (with  heat  treatment  in  both  cases),  a  laboratory 
study  of  the  products  was  carried  out. 

The  analysis  was  focused  on  five  characteristic  zones  along  the 
length  of  a  pipe  excluded  with  cooling  of  the  tool:  the  front  and 
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shrinkage  ends,  two  transitional  zones  corresponding  to  the  times  at 
which  the  water  was  turned  on  and  off,  and  the  central  segment  of  sta¬ 
ble  cooled  extrusion.  For  an  analogy,  the  corresponding  segments  of 
pipes  extruded  without  cooling  were  investigated. 

The  macrostructure  of  various  standard  pipe  sizes,  for  example, 

41  x  43  mm,  36  x  16  mm,  made  from  Dl6  alloy  was  satisfactory,  with  fine 
grain  in  the  zone  of  intensive  cooling. 

Comprehensive  studies  of  the  mechanical  properties  of  Dl6-alloy 
pipes  in  the  41  x  33-mm,  25  x  1.5-mm  and  a  number  of  other  sizes  (after 
rolling)  indicate  the  absence  of  any  differences  in  the  properties  for 
products  extruded  with  and  without  cooling.  The  results  of  tests  for 
intergranular  corrosion  also  confirm  the  identity  of  properties. 

Cooled-die  extrusion  provides  some  Improvement  of  the  outside  and 
inside  surfaces  over  the  entire  length  of  the  pipe,  resulting  from  de¬ 
creased  sticking  of  metal  particles  to  the  sizing  collar  of  the  die 
and  the  mandrel  as  a  result  of  cooling. 

CONCLUSIONS.  1.  The  possibility  and  expediency  of  extruding  alumi¬ 
num-alloy  products  with  cooling  of  the  tool  to  improve  the  productivity 
of  existing  presses  by  increasing  the  outflow  speed  have  been  demon¬ 
strated  and  substantiated. 

2.  An  Industrial  technology  has  been  elaborated  and  Implemented 
for  extrusion  of  pipes  from  Dl6  and  AMg6  alloys  with  a  cooled  tool,  and 
provides  a  considerable  increase  in  the  outflow  speeds. 

3.  The  necessity  of  cyclical  cooling  of  the  die  in  extrusion  was 
established,  and  limits  were  found  for  the  cycle  that  apply  for  pipes 
of  all  standard  sizes  and  alloys. 

4.  Industrial  production  equipment  was  developed  and  used  for 
cooled  extrusion  on  a  1500-ton  press  with  a  transverse  die  plate. 

5.  Comparative  studies  of  the  mechanical  properties,  macrostruc- 
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ture.  corrosion  resistance,  etc.  were  carried  out  and  indicated  the  ab 
sence  of  any  differences  in  the  quality  of  pipes  extruded  by  the  con¬ 
ventional  technology  and  with  a  cooled  tool,  here  the  quality  of  the 
outside  and  inside  surfaces  of  pipes  extruded  with  the  cooled  tool  was 
somewhat  better. 

6.  The  proposal  was  made,  and  reasons  advanced  for  it,  that  the 
intensity  of  cooling  of  the  squeezing  section  of  the  deformation  zone 
be  made  variable  to  ensure  maximum  utilization  of  the  power  character¬ 
istics  of  the  press  and  the  plastic  properties  of  the  material  in  or¬ 
der  to  increase  outflow  speeds. 
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